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Indicated Biological Effect from the 9 July 1962 High Altitude 
Nuclear Test 
by  
W .  C. L e v e n g o o d *  
The o c c u r r e n c e  of t h e  9 J u l y ,  1962 n u c l e a r  e x p l o s i o n  was c o i n c i d e n t  w i t h  a s e r i e s  
of  m a t i n g  t e s t s  i n a  l o n g  t e r m  e x p e r i m e n t a l  p r o g r a m  d e v o t e d  to e x a m i n i n g  r e p r o d u c t i v e  
v a r i a t i o n s  i n  DROSOPHILA MELANOGASTER f r u i t  f l i e s .  C o n t i n u o u s  i n b r e d  m a t i n g s  were  
p r e p a r e d  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  of  v a r i o u s  n a t u r a l  e n v i r o n m e n t a l  p a r a m e t e r s  
on p r o g e n y  y i e l d s . N e w  g e n e r a t i o n s  c o n s i s t i n g  of  6 p a i r s  ~ f l i e s  were  p l a c e d  i n  f r e s h  
c u l t u r e s  e v e r y  few d a y s ,  u s i n g  as  p a r e n t s  f l i e s  f r o m  t h e  p r e c e d i n g  g e n e r a t i o n .  By 
c h a n c e  a number  of  new g e n e r a t i o n s  were  i n i t i a t e d  on t h e  9 J u l y  t e s t  d a t e .  P r e v i o u s  
s t u d i e s  ( L e v e n g o o d  and S h i n k l e ,  1960) h a v e  shown t h a t  t h e  c r i t i c a l  p e r i o d  i n  t h e  
l i f e  c y c l e ,  t h a t  i s  t h e  i n t e r v a l  s h o w i n g  t h e  g r e a t e s t  s e n s i t i v i t y  t o  c h a n g e s  i n  e n -  
v i r o n m e n t ,  i s  t h e  72 h r  c o v e r i n g  t h e  day  b e f o r e ,  t h e  day  o f ,  and t h e  day  a f t e r  t h e  
i n i t i a t i o n  of  a new c u l t u r e .  
The 9 J u l y  t e s t  was a p p r o x i m a t e l y  a t  t h e  m i d p o i n t  ( 0 9 : 0 0  UT)of  t h i s  & s e r v e d  72 h r  
c r i t i c a l  p e r i o d  of  a p p a r e n t  e n v i r o n m e n t a l  s e n s i t i v i t y  i n  t h e  d e v e l o p i n g  z y g o t e .  The 
d a t a  were  n o t  e x a m i n e d  f o r  an e f f e c t  of  t h e  n u c l e a r  t e s t  u n t i l  i t  was n o t i c e d  t h a t  
a c o n s i s t e n t ,  and i n  some c a s e s  an  u n u s u a l l y  p r o n o u n c e d ,  d e c r e a s e  i n  p r o g e n y  y i e l d  
o c c u r r e d  i n  t h e  same g e n e r a t i o n  i n  a t o t a l  of  8 s e p a r a t e  t e s t  c u l t u r e s .  The 9 J u l y  
m a t i n g s  were  i n  t h e  F 9 of  t e s t  s e q u e n c e s  w h i c h  were  s u b s e q u e n t l y  e x t e n d e d  to t h e  F15 
g e n e r a t i o n .  The v a r i a t i o n s  i n  t h e  Fo c o u l d  n o t  be e x p l a i n e d  by t h e  t e s t  c o n d i t i o n s  
( m a g n e t i c  f i e l d s )  s i n c e  c o n t r o l s  a l ~ o  showed t h e  m i n i m a ; n o r  c o u l d  t h e  e f f e c t  be a t -  
t r i b u t e d  t o  a b n o r m a l  c h a n g e s  i n  n a t u r a l  e x o g e n o u s  e n v i r o n m e n t a l  p a r a m e t e r s  s u c h  as  
s o l a r  f l a r e s  o r  cosmic  r a y s .  The p u r p o s e  of  t h i s  c o m m u n i c a t i o n  i s  t o  s u g g e s t  a p o s -  
s i b l e  i n f l u e n c e  f rom t h e  h i g h  a l t i t u d e  r a d i a t i o n  f i e l d  on p r o g e n y  y i e l d s .  
MATERIALS AND METHODS 
C u l t u r e s  b o t t l e s  (5 cm d i a m e t e r  and 1 1 . 5  cm h i g h ) w e r e  p l a c e d  i n  p a i r s  on t h e  n o r t h  
I N) and s o u t h  (S )  p o l e s  of  p e r m a n e n t  m a g n e t s .  The p o l e  f a c e s  were  r e c t a n g u l a r  s h a p e  3 . 3  cm by 3 . 9  cm) and were  v e r t i c a l l y  d i r e c t e d  w i t h  an 8 cm s e p a r a t i o n  f rom p o l e  
c e n t e r  t o  p o l e  c e n t e r .  The f i e l d  s t r e n g t h  a t  t h e  p o l e  c e n t e r s  was 1 , 0 0 0  g a u s s . M e d i u m  
( c o r n m e a l - m o l a s s e s  t y p e  w i t h  p r o p i o n i c  mold i n h i b i t o r )  was p o u r e d  i n t o  t h e  b o t t l e s  
t o  a d e p t h  of  2 . 5  cm and a t  t h e  medium s u r f a c e  t h e  f i e l d  s t r e n g t h  was 350 g a u s s . T h e  
d e t a i l e d  c o n f i g u r a t i o n  of  t h e  m a g n e t s  and p o s i t i o n s  of  t h e  c u l t u r e  b o t t l e s  h a s  b e e n  
p r e s e n t e d  by Levengood  ( 1 9 6 5 ) .  
The b o t t l e s  were  l e f t  i n  p o s i t i o n  on t h e  m a g n e t s  d u r i n g  t h e  e n t i r e  p e r i o d  f r o m  
m a t i n g  ( 0 r e - R  s t r a i n )  t o  e c l o s i o n  of t h e  new g e n e r a t i o n .  The p a r e n t s  we re  ~ f t  i n  t h e  
b o t t l e s  f o r  t e n  days  t h e n  r e m o v e d .  The p r o g e n y  c o u n t s  were  c o n d u c t e d  f o r  8 days  
s t a r t i n g  w i t h  t h e  day t h e  new f l i e s  e m e r g e d .  S i x  p a i r s  of f l i e s  were  randomly  s e l e c t e d  
f o r  s t a r t i n g  e a c h  new g e n e r a t i o n  and r e p e a t e d  f i l i a l  g e n e r a t i o n  c r o s s e s  were  made 
a f t e r  t h e  F1. B o t h  t h e  c o n t r o l  c u l t u r e s  and t h o s e  i n  t h e  m a g n e t i c  f i e l d  were  i n i t i -  
a t e d  on t h e  same d a t e s .  
The mean l a b o r a t o r y  t e m p e r a t u r e  was 22°C w i t h  a ~ 2°C e x t r e m e  v a r i a t i o n  o v e r  t h e  
e n t i r e  s e r i e s  of  15 g e n e r a t i o n s .  The l a b o r a t o r y  was l o c a t e d  on t h e  s e c o n d  f l o o r  of  a 
*)  I n s t i t u t e  of  S c i e n c e  and T e c h n o l o g y ,  U n i v e r s i t y  of  M i c h i g a n ,  W i l l o w  Run L a b o r a -  
t o r i e s ,  Ann A r b o r ,  M i c h i g a n ,  USA. 
R e c e i v e d  17 ~ a r c h  1967. 
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wood f rame b u i l d i n g .  The magne ts  were  l o c a t e d  on wooden l a b o r a t o r y  benches  w i t h  an 
e a s t  (N) w e s t  (S)  o r i e n t a t i o n  i n  r e l a t i o n  t o  t he  e a r t h ' s  g e o m a g n e t i c  f i e l d ; t h e  f i e l d  
of  t h e  t e s t  magne t s  was normal  %o t h e  n e r t h s o u t h  g e o m a g n e t i c  f i e l d .  
RESULTS 
Detailed variations in progeny throughout the entire 15-generation sequences, as 
related to  changes in natural environmental parameters, are discussed ~by Leven- 
good (1965). The chance probability of a minimum occurring from one generation 
point to the next was determined by assuming random fluctuations in the external en- 
vironmental influences.The chance that a progeny count may increase,remain the same, 
or decrease provides a simple 1:5 probability for each condition. There is also a 
1:5 probability that an increase will occur following a decrease;this gives a final 
1:9 probability of a minima occurring at each generation point. Considering the 8 
temporally corresponding series, the value p < 0.02 is obtained for the chance prob- 
ability of simultaneous minim a . 
Of the 8 cultures showing the minimums,two were controls,4 were grown in magnetic 
field environments, and 2 cultures were flies grown out of the field but taken from 
the previous generation which had been continuously exposed from the F 1 to the mag- 
netic field environments. As previously indicated, all generations were initially 
started in the F 1 from an 0re-R stock culture. 
The magnitude of the F 9 effect is shown in Fig. 1 for two control cultures and a 
pair from the magnetic field conditions. Two generation points before and after the 
FQ mating are plotted for comparison. It may be seen in Fig. 1 that the decrease is 
m~st pronounced in progeny of control cultures. 
In Table 1 are mean progeny values for two generations before and two after the 
9 July test date, the F 9 values on the test date and the deviations from the mean, 
The controls disclose the greatest deviation whereas the generations from the mag- 
netic field environments show a lower decrease in progeny. 
TABLE 1. Compar i son  of  t he  mean of  f o u r  g e n e r a t i o n s  a round  t h e  F 9 w i t h  t he  p r o g e n y  
f rom the  9 J u l y ,  1962 n u c l e a r  t e s t  d a t e  
Test 
series 
C o n t r o l  C 1 
C o n t r o l  C 2 
*C N 
*C S 
Magnet 1 N  
S 
Magnet 2 N 
S 
Four  g e n e r a t i o n  mean and 
s t a n d a r d  d e v i a t i o n  i n c l u d i n g  
two g e n e r a t i o n s  b e f o r e  and 
two a f t e r  t he  n u c l e a r  t e s t  
(F7, F8, and F10, Fll) 
258 .0  _.+ 35 .2  
216 .2  + 34 .4  
277 .9  ± 25 .5  
265.5 ± 27 .0  
271 .7  ± 28 .0  
256 .0  ± 3 4 . 8  
282 .7  ± 74 .0  
251 .7  + 22 .8  
N u c l e a r  
t e s t  









F^ v a r i a t i o n  f rom t h e  
f ~ u r  g e n e r a t i o n  mean 
- 70 .6  
- 56 .5  
- 2 4 . 5  
- 5 1 . o  
- 16.8  
- 28 .6  
- 48 .8  
- 50.8 
*) G e n e r a t i o n  grown ou t  o f  m a g n e t i c  f i e l d ;  P ' s  t a k e n  f rom t h e  p r e c e d i n g  
f i e l d  exposed  g e n e r a t i o n .  
were  t a k e n .  
m a g n e t i c  
S u b s c r i p t s  i n d i c a t e  p o l e  f rom wh ich  t h e  p a r e n t  f l i e s  
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3 0 0  - 
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Fig. I. Minima in progeny from generations mated on the high altitude 
nuclear test date 
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DISCUSSION 
A l t h o u g h  t h e s e  F 9 t e s t  s e r i e s  a r e  l i m i t e d  i n  n u m b e r ,  t h e  i m p l i c a t i o n s  o f  t h e s e  
f i n d i n g s  a r e  d i s c u s s e d  u n d e r  t h e  a s s u m p t i o n  t h a t  t h e  s i m u l t a n e o u s  min imums  i n  t h e  
c u r v e s  i n d i c a t e  a n  e f f e c t  f r o m  t h e  n u c l e a r  t e s t .  N u m e r o u s  r e p o r t s  h a v e  shown t h a t  
t h i s  e x p l o s i o n  dumped h i g h  e n e r g y  c h a r g e d  p a r t i c l e s  i n t o  t h e  e a r t h ' s  u p p e r  a t m o s p h e r e .  
The m a j o r i t y  of  t h e  p a r t i c l e s  u l t i m a t e l y  t r a p p e d  i n  t h e  m a g n e t o s p h e r e  w e r e  e l e c t r o n s  
o f  e n e r g y  a r o u n d  0 . 5  MeV and  l o c a t e d  i n  a b e l t  a t  a p p r o x i m a t e l y  1 . 3  e a r t h  r a d i i  
( H e s s ,  1 9 6 3 ) .  M e a s u r e m e n t s  o f  f l u x  w e r e  made i n  s a t e l l i t e s  and  t h e r e  a p p e a r s  t o  b e  
l i t t l e  i n f o r m a t i o n  r e g a r d i n g  p a r t i c l e  c o u n t s  a t  t h e  e a r t h ' s  s u r f a c e .  I n  a d i s c u s s i o n  
o f  " p r o m p t  e f f e c t s "  K e n n e y  a n d  W i l l a r d  ( 1 9 6 ~ )  s u g g e s t  t h a t  m a g n e t i c a l l y  t r a p p e d  n e u -  
t r o n - d e c a y  p r o d u c t s  e n t e r e d  t h e  a t m o s p h e r e .  T h e i r  c o n t o u r  l i n e s  i n d i c a t e  a p p r o x i m a t e l y  
20 n e u t r o n s T c m  2 i n  t h e  m i d w e s t e r n  U n i t e d  S t a t e s ,  m o s t  o f  t h e s e  d e c a y i n g  a t  a r o u n d  
70 km a l t i t u d e .  A s s u m i n g  a s m a l l  f r a c t i o n  o f  t h e s e  n e u t r o n s  r e a c h e d  t h e  e a r t h ' s  s u r -  
f a c e ,  e a c h  d e c a y  b e t a  w i t h  a n  e n e r g y  o f  0 . 3  MeV w o u l d  f o r m  a r o u n d  10 ~ i o n  p a i r s .  
T h u s ,  w i t h i n  t h e  t e s t  b o t t l e s  t h e r e 3 m a y  h a v e  b e e n  a s u d d e n  f l u x  i n c r e a s e  a m o u n t i n g  
t o  s e v e r a l  h u n d r e d  i o n  p a i r s  p e r  cm . 
I t  i s  p r o p o s e d  t h a t  t h i s  f l u x  i n c r e a s e  h a d  a d i r e c t  e f f e c t  on t h e  r e p r o d u c t i v e  r e -  
s p o n s e s .  I n  t h e  m a g n e t i c - f i e l d  e n v i r o n m e n t  a s i g n i f i c a n t  p o r t i o n  o f  t h e  e l e c t r o n s  
may h a v e  b e e n  d e f l e c t e d  o u t  o f  t h e  t e s t  r e g i o n .  A 0 . 3  MeV e l e c t r o n  a p p r o a c h i n g  t h e  
e q u a t o r i a l  p l a n e  o f  a t e s t  m a g n e t  w i t h i n  a f i e l d  a p p r o x  1 / 1 0  t h e  v a l u e  a t  t h e  p o l e s  
(H ~ 100 g a u s s )  w o u l d  h a v e  a r a d i u s  o f  c u r v a t u r e  o f  a p p r o x i m a t e l y  10 cm. T h i s  r a d i u s  
c o u l d  be  o f  s u f f i c i e n t  m a g n i t u d e  t o  d e f l e c t  e l e c t r o n s  o u t  o f  t h e  r e g i o n  c o v e r e d  b y  
t h e  c u l t u r e  b o t t l e s .  T h i s  d e f l e c t i o n  m i g h t  e x p l a i n  t h e  l e s s e r  d e v i a t i o n s  o f  t h e  F 9 
g e n e r a t i o n  f r o m  t h e  mean  v a l u e s  l i s t e d  i n  T a b l e  1.  
The d a t a  i n  T a b l e  1 a l s o  d i s c l o s e  t h a t  t h e  c u l t u r e s  d e s i g n a t e d  C N a n d  C s g r o w n  one  
g e n e r a t i o n  o u t  o f  t h e  f i e l d  do n p t  d i s p l a y  a s  l a r g e  a v a r i a t i o n  from t h e  m e a n  as  t h e  
r e g u l a r  c o n t r o l s .  A l t h o u g h  t h e  l o w e r  F 9 v a r i a t i o n s  i n  t h e  C N a n d  Cs c u l t u r e s  i n d i c a t e  
t h a t  t h e r e  may h a v e  b e e n  a t r a n s f e r r e d - p r o t e c t i v e  a c t i o n ,  t h e  d a t a  a r e  i n s u f f i c i e n t  
t o  c o n c l u d e  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  c o n t r o l  g r o u p s  a n d  t h e  C N a n d  C S g r o u p s  
is significant. 
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ABSTRACT.- An i n f l u e n c e  o f  t h e  9 J u l y  1962  h i g h  a l t i t u d e  n u c l e a r  t e s t  on  t h e  r e p r o -  
d u c t i v e  r e s p o n s e s  i n  DROSOPHILA c u l t u r e s  was i n d i c a t e d  b y  t h e  o c c u r r e n c e  o f  s i m u l -  
t a n e o u s  m i n i m a s  i n  p r o g e n y  c u r v e s .  P r o g e n y  f r o m  c u l t u r e s  g r o w n  i n  m a g n e t i c  f i e l d s  
d i s c l o s e d  l e s s  d e v i a t i o n  f r o m  a f o u r  g e n e r a t i o n  mean  v a l u e  t h a n  d i d  p r o g e n y  f r o m  
c o n t r o l  c u l t u r e s .  I t  i s  s u g g e s t e d  t h a t  t h e  m a g n e t i c  f i e l d s  d e f l e c t e d  a p o r t i o n  o f  
t h e  i n c r e a s e d  9 J u l y  r a d i a t i o n  f r o m  t h e  t e s t  r e g i o n .  B a s e d  on l i m i t e d  d a t a , t h e  p o s -  
s i b i l i t y  e x i s t s  t h a t  a p r o t e c t i v e  e f f e c t  may h a v e  b e e n  t r a n s f e r r e d  t o  f i r s t  g e n e r a -  
t i o n  f l i e s  g r o w n  o u t  o f  t h e  m a g n e t i c  f i e l d s .  
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ZUSA~ENFASSUNG.-  E i n  E i n f l u s s  d e s  K e r n v e r s u c h s  i n  g r o s s e r  HShe vom 9 . J u l i  1962  a u f  
d i e  R e a k t i o n  y o n  D R O S O P H I L A - K u l t u r e n  w u r d e  d u r c h  d a s  Vorkommen  g l e i c h z e i t i g e r  M i n i ~  
mas i n  d e n  K u r v e n  f d r  d i e  N a c h k o m m e n s c h a f t  a n g e d e u t e t .  D i e  Nachkommen a u s  K u l t u r e n ,  
d i e  i n  m a g n e t i s c h e n  F e l d e r n  g e w a c h s e n  w a r e n ~  z e i g t e n  e i n e  g e r i n g e r e  A b w e i c h u n g  vom 
M i t t e l w e r t  y o n  ~ f i e n e r a t i o n e n  a l s  d i e  Nachkommen a u s  V e r g l e i c h s k u l t u r e n . E s w i r d  v e r -  
m u t e t ,  d a s s  d i e  m a g n e t i s c h e n  F e l d e r  e i n e n  T e i l  d e r  S t r a h l u n g  vom 9 . J u l i v o m  V e r s u c h s -  
g e b i e t  a b l e n k t e n .  Es b e s t e h t  d i e  a u f g r u n d  b e g r e n z t e r  D a t e n  g e w o n n e n e  M ~ g l i c h k e i t , d a s s  
e i n e  S c h u t z w i r k u n g  a u f  d i e  e r s t e  G e n e r a t i o n  y o n  D r o s o p h i l a  ~ b e r t r a g e n  w o r d e n  i s t ~  
d i e  a u s s e r h a l b  d e r  M a g n e t f e l d e r  a u f w u c h s .  
RESUME.- Les  e s s a i s  d ' e x p l o s i o n  a t o m i q u e  e f f e c t u S s  ~ g r a n d e  a l t i t u d e  l e  9 j u i l l e t  
1962  o n t  eu  d e s  r e p e r c u s s i o n s  s u r  d e s  e l e v a g e s  de  DROSOPHILA. On c o n s t a n t e  en  e l -  • p 
f e t  d e s  m i n i m u m s  s l m u l t a n e s  d a n s  l e s  c o u r b e s  de  d e s c e n d a n c e .  Les  d e s c e n d a n t s  p r o v e -  
nant " " " ' ~ " generatl d'elevages places dans un champ ons, magnetlque mentrent,en moyenne de~ 
une diminution moins marqu6e que ceux provenant d''elevages de comparaison. On sup- 
" " devler une pose que les champs magnetlques ont fair P " partie des radiations du 9juil- 
let hors du champ d'essais. En se basant sur ces donn6es fragmentaires% on, peut ad- 
mettre la possibilit6 d'un effet de protection transmis ~ la premiere generation des 
mouches elevees hors des champs magnetlques. 
